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Claims 

[ci] What is claimed is: 

l.An electrostatic discharge (ESD) protection device hav- 
ing reduced trigger voltage, comprising: 
a substrate of first conductivity type; 
a first MOS transistor of second conductivity type dis- 
posed on said substrate, said first MOS transistor com- 
prising a first gate, a first gate dielectric disposed under 
said first gate, a first heavily doped region of said sec- 
ond conductivity type implanted into said substrate at 
one side of said first gate, and a second heavily doped 
region of said second conductivity type implanted into 
said substrate at the other side of said first gate; 
a second MOS transistor of said second conductivity type 
laterally disposed on said substrate in proximity to said 
first MOS transistor, said second MOS transistor com- 
prising a second gate, a second gate dielectric disposed 
under said second gate, a third heavily doped region of 
said second conductivity type implanted into said sub- 
strate at one side of said second gate, and a fourth 
heavily doped region of said second conductivity type 
implanted into said substrate at the other side of said 
second gate; and 



at least one floating gate MOS transistor comprising a 
floating gate dielectric formed on said substrate and a 
floating gate overlying said floating gate dielectric, said 
floating gate MOS transistor being located between said 
first MOS transistor and said second MOS transistor, 
wherein said floating gate MOS transistor is serially con- 
nected to said first MOS transistor via said second heav- 
ily doped region and is connected to said second MOS 
transistor via said third heavily doped region. 

[c2] 2.The ESD protection device according to claim 1 

wherein said first heavily doped region is contiguous 
with a first lightly doped drain (LDD) of said second con- 
ductivity type that is under said first gate, said second 
heavily doped region is contiguous with a second LDD of 
said second conductivity type that is under said first 
gate, and a first channel of said second conductivity type 
is defined between said first LDD and said second LDD 
under said first gate. 

[c3] 3. The ESD protection device according to claim 1 

wherein said third heavily doped region is contiguous 
with a third LDD of said second conductivity type that is 
under said second gate, said fourth heavily doped region 
is contiguous with a fourth LDD of said second conduc- 
tivity type that is under said second gate, and a second 
channel of said second conductivity type is defined be- 



tween said third LDD and said fourtli LDD under said 
second gate. 

[c4] 4.The ESD protection device according to claim 1 

wherein said second heavily doped region is contiguous 
with a fifth LDD of said second conductivity type that is 
under said floating gate, said third heavily doped region 
is contiguous with a sixth LDD of said second conductiv- 
ity type that is under said floating gate, and a third 
channel of said second conductivity type is defined be- 
tween said fifth LDD and said sixth LDD under said float- 
ing gate. 

[c5] S.The ESD protection device according to claim 1 

wherein said first gate dielectric and said second gate 
dielectric have a first thickness, and said floating gate 
dielectric has a second thickness, wherein said first 
thickness is not equal to said second thickness. 

[c6] 6.The ESD protection device according to claim 5 

wherein said first thickness is larger than said first thick- 
ness. 

[c7] 7.The ESD protection device further comprising halo im- 
plant regions of said first conductivity type disposed in 
said substrate under said fifth LDD and said sixth LDD 
respectively. 



[c8] 8.The ESD protection device according to claim 1 

wherein said first conductivity type is P type, and said 
second conductivity type is N type, and wlierein, in oper- 
ation, said substrate, said first gate, said second gate, 
said first lieavily doped region, and said fourtli lieavily 
doped region are all grounded, said floating gate re- 
mains floating, and said second heavily doped region, 
which is electrically connected with said third heavily 
doped region, is connected to input/output power termi- 
nal. 

[c9] 9.The ESD protection device according to claim 1 

wherein said first conductivity type is N type, and said 
second conductivity type is P type, and wherein, in oper- 
ation, said substrate, said first gate, said second gate, 
said first heavily doped region, and said fourth heavily 
doped region are connected to V^^, said floating gate 
remains floating, and said second heavily doped region, 
which is electrically connected with said third heavily 
doped region, is connected to input/output power termi- 
nal. 

[ciO] lO.An electrostatic discharge (ESD) protection device 
having reduced trigger voltage, comprising: 
a P type substrate; 

a first NMOS transistor disposed on said substrate, said 



first NMOS transistor comprising a first gate, a first gate 
dielectric disposed under said first gate, a first doped 
region implanted into said substrate at one side of said 
first gate, and a second N"^ doped region implanted into 
said substrate at the other side of said first gate; 
a second NMOS transistor laterally disposed on said sub- 
strate in proximity to said first NMOS transistor, said 
second NMOS transistor comprising a second gate, a 
second gate dielectric disposed under said second gate, 
a third N"^ doped region implanted into said substrate at 
one side of said second gate, and a fourth N"^ doped re- 
gion implanted into said substrate at the other side of 
said second gate, wherein said first gate dielectric and 
said second gate dielectric has substantially the same 
thickness: first thickness; and 

at least one floating gate MOS transistor comprising a 
floating gate dielectric formed on said substrate and a 
floating gate overlying said floating gate dielectric, said 
floating gate MOS transistor being located between said 
first NMOS transistor and said second NMOS transistor, 
wherein said floating gate MOS transistor is serially con- 
nected to said first NMOS transistor via said second N"^ 
doped region and is serially connected to said second 
NMOS transistor via said third N"^ doped region, and 
wherein said floating gate dielectric has a second thick- 
ness, and said second thickness is smaller then said first 



thickness. 

[cli] Il.The ESD protection device according to claim 10 

wherein said first doped region is contiguous with a 
first NLDD that is under said first gate, said second N"^ 
doped region is contiguous with a second NLDD that is 
under said first gate, and a first N channel is defined be- 
tween said first NLDD and said second NLDD under said 
first gate. 

[ci2] i2.The ESD protection device according to claim 10 

wherein said third N"^ doped region is contiguous with a 
third NLDD that is under said second gate, said fourth N"^ 
doped region is contiguous with a fourth NLDD that is 
under said second gate, and a second N channel is de- 
fined between said third NLDD and said fourth NLDD un- 
der said second gate. 

[ci3] iS.The ESD protection device according to claim 10 

wherein said second N"^ doped region is contiguous with 
a fifth NLDD that is under said floating gate, said third N"^ 
doped region is contiguous with a sixth NLDD that is un- 
der said floating gate, and a third N channel is defined 
between said fifth NLDD and said sixth NLDD under said 
floating gate. 

14.The ESD protection device according to claim 10 fur- 
ther comprising P*^ halo implant regions disposed in said 



substrate under said fifth NLDD and said sixtli NLDD re- 
spectively. 

[ci4] is.Tlie ESD protection device according to claim 10 

wherein in operation, said substrate, said first gate, said 
second gate, said first N"^ doped region, and said fourth 
doped region are all grounded, said floating gate re- 
mains floating, and said second N"^ doped region, which 
is electrically connected with said third doped region, 
is connected to input/output power terminal. 



